With high Q circuits, say Q = 1000, one in fact requires analysis that is accurate to 0.1%. T h i s paper presents a new method to analyze high Q circuits very fast and accurate. This new method is a combination of analytical method for planar circuits and numerical moment method.
INTRODUCTION
With the advent of high-temperature superconductivity, it is now possible to construct, for satellite communicat:ion, very high Q patch resonator of light weight, small volume and low expense.
T'o analyze High Q circuits, we need a very accurate method, around 0.1% El]. Such accuracy is normally not attainable by the numerical method (such as variational and moment methods [2] ), for most arbitrarily shaped patches. Such accuracy is attainable by the modal method, 2 0 method, however the latter is possible only for canonical patch shapes such as circles and rectangles with magnetic walls [3] [4] . The modal method, 2 0 , does not consider the fringe fields. Fringe fields are included in moment method because of 3 0 Green's functions. However, the moment method is not accurate enough because of the segmentation, and also the moment method is time consuming especially with fine s,egmentation.
This work makes use the advantages of both types of methods. That is: modal method for canonical patches and then numerical method for the arbitrary shaped patches -a perturbation from the canonical shape. Since the numerical method is applied only arouind the perturbed area of the patch and results in a perturbation term to the exact solution of the canonical patch. We can afford to have a larger relative error in the perturbation term, take for example if perturbation term is 3% of the canonical term, If the perturbation a / / term has relative error of 3%, the net error in the combination is only 3% x 3% = 0.1% as required.
ANALYSIS
This new approach can be explained simply. Assume a canonical shape patch resonator with two ports in Figure 
where fn can be an assumed current density on patch with port n excited, by a current In. &(&) is the nonzero tang_ential electric field from the assumed current density J , . Even with assumed currents, the errors in the impedances are small because of the variational principle. Different from the above, by putting a theoretical magnetic wall around the patch, a-true l_ossfess cavity is formed and the modal currents J and M on the electric and magnetic walls may be analytically obtained.
I m I n Lm
We may now use the modal 7 as approximation to the patch in (l), with no magnetic wall. The electric. field Zt(f) can be obtained by dixectly integrating f o v e r the patch. Better still, making use of the zero total &: on the walls of the theoretical cavity, we mayinstead simply integrate 'over the small ribbon of M at the magnetic wall around the patch edges. That is in place of (1) we have
where Zmno is the exact impedance of the canonical patch (lossless cavity) with magnetic wall, and A 2 is the correction with magnetic wall deleted. The solution in (2) is highly accurate because of the variational principle of (l), and because A 2 is a small pexturbation and one can afford large relative error. Equation (1) wall ribbon around the edge really hastens the integration without loss of the high accuracy. For canonical shapes Zmno is calculated analytically, and for irregular shape patches it can be calculated by counter integral method [3] and [4). In both cases, it is a 2 . 0 method and fast.
NUMERICAL RESULTS
Here we consider a simple structure with the air. The extension of this analysis for the structurc with the dielectric can be easily done by including the Green's function of multilayer structure calculated by complex or simulated images [6] [7].
The rectangular patch resonator is shown in Figure  1 In Figure 2 and 3 the amplitude of Sll, for M e rent heights, are computed by three methods, the modal ( 2 0 ) method, the regular moment method of various segmentations and our present method. VVe see that the moment method solutions of large segmentation number approach our present solution, with an estimated error of 0.5% or less.
As we can see in figures, the three methods are compared around the resonant frequency of T M~o mode. In 2 0 model, the perfect magnetic wall is considered and we have a cavity without any radiation, but in the other two methods, we have radiation. Therefore, in the graphs SI1 does not reaches to zero with the other two methods. The level of is almost the same at resonant frequency in moment method and in our method.
In 2 0 technique, in the contrary with the other two methods, the fringe field is not considered. The effect of this fringe field is similar to the extra length in the circuit, therefore the resonant frequency will be lower. We can see this effect in the results. When the height of the circuit is smaller the frequency shift will be less.
As shown in Figure 2 , when we increased the number of segments in the moment method the results move toward the results of our method. This demonstrates the accuracy of our method.
In calculating A 2 in (4), we need the tangential component of an example Figure 4 shows the amplitude of the tangential 2 calculated from the small ribbon M around the patch of Figure 1 for the T M l o mode.
e.g. circular or Lectangdar, and involves deleting the contribution to Et from the modal magnetic current M a s in (4). For irregular shaped patch such as the dual mode resonator [SI shown in Figure 5 , the same procedure of (1) to (4) applies except that an extra corner of electric current is to be deleted from the square patch resonator. This should not present any complication in the formula. 
